We used electron microscopic immunocytochemistry to study the distribution of calmodulin in rat sciatic nerve. Calmodulin immunoreactivity was found throughout the axoplasmic matrix, but particularly along microtubules. Schwann cell cytoplasm and nuclei demonstrated immunoreactivity, while compact myelin did not. There was particularly intense immuno-gold deposition within Schmidt Lanterman clefts. At the nodes of Ranvier, calmodulin appeared preferentially in the paranodal region, along the apposition of the axolemma to the paranodal loops of myelin and extending into the paranodal loops. The presence of calmodulin immunoreactivity along microtubules supports biochemical and pharmacological evidence of calmodulin involvement in regulating the assembly and phosphorylation of microtubules, and in fast axonal transport along microtubules. The co-localization of paranodal calmodulin immunoreactivity with Ca-ATPase activity demonstrated cytochemically (Mata et al., Brain Reseach, in press) supports the notion that the paranodal Ca-ATPase activity may be regulated by calmodulin, and agrees with the in vitro biochemical evidence for Ca-ATPase of other cells.
INTRODUCTION
Calmodulin is an intracellular calcium binding protein which serves as the regulator for a variety of processes, transducing the effect of a slight rise in intracellular cytoplasmic calcium to create specific physiologic effects. To define the functional role of calmodulin in a cell requires that in vitro demonstration of caimodulin-mediated regulation be combined with appropriate ultrastructural localization of the regulating protein to account for its proposed role 17.
In nervous tissue calmodulin-mediated regulation has been demonstrated in vitro for enzymes including cyclic nucleotide phosphodiesterase 5, adenylate cyclase 3, cGMP protein kinase 31 , phosphoprotein phosphatase 29 and Ca,Mg-ATPase 23. Calmodulin involvement in the dynamic regulation of the actinmyosin microfilaments through regulation of myosin light-chain kinase 2°, and in the regulation of microtubule polymerization-depolymerization equilibrium 1"19 suggests that it may also play a role in the regulation of the neuronal cytoskeleton.
Immunocytochemical studies of calmodulin localization in central nervous system have yielded conflicting results. At the light microscopic level CaM is seen in neurons, and lesser amounts of immunoreactivity have been described in glial cells 4'21'26"3°. At the ultrastructural level, reports have included descriptions of immunostaining in dendrites particularly along microtubules 4'3° and in axons 4'26, although others have failed to demonstrate the latter distributionll,28
But the neuron has a high degree of regional specialization. Axons, particularly myelinated axons, show a heterogeneous distribution of structural and functional macromolecules related to particular functions at limited sites in the axon. In order to help define which of the regulatory processes, demonstrated in vitro as depending on calmodulin, are relevant in nerve, the distribution of calmodulin must be compared to the known distribution of those proteins which might be regulated by calmodulin.
In this paper we report the immunohistochemical distribution of calmodulin on axons of the rat sciatic
